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So0-Cheong-Ryong-Tang, a herbal medicine, modulates
inflammatory cell infiltration and prevents airway
remodeling via regulation of interleukin-17 and GM-CSF

in allergic asthma in mice
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Background: So-Cheong-Ryong-Tang (SCRT), herbal medicine, has been used for the control of
respiratory disease in East Asian countries. However, its therapeutic mechanisms, especially an
inhibitory effect on inflammatory cell infiltration and airway remodeling in allergic asthma are
unclear. Objective: The present study investigated the mechanism of antiasthmatic effects of SCRT
in allergic asthma in mice. Materials and Methods: We investigated the influence of SCRT on levels
of interleukin-17 (IL-17), granulocyte/macrophage colony-stimulating factor (GM-CSF), IL-4, and
interferon gamma (IFN-y) in bronchoalveolar lavage fluid (BALF), ovalbumin (OVA)-specific IgE in
serum, and histopathological changes in allergen-induced asthma. Results: So-Cheong-Ryong-Tang
decreased levels of IL-17 and GM-CSF in BALF. IL-4, a Th2-driven cytokine, was also decreased
by SCRT, but IFN-y, a Th1-driven cytokine, was not changed. Levels of OVA-specific IgE in
serum were also decreased by SCRT. With SCRT treatment, histopathological findings showed
reduced tendency of inflammatory cell infiltration, and prevention from airway remodeling such as
epithelial hyperplasia. Conclusion: In this study, we firstly demonstrated that regulation of IL-17
and GM-CSF production may be one of the mechanism contributed to a reduction of inflammatory
cell infiltration and prevention from airway remodeling.
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INTRODUCTION

So-Cheong-Ryong-Tang (SCRT; Chinese name,
Xiao-Qing-Long-Tang; Japanese name, Sho-Seiryu-To)
is a well-known traditional herbal medicine for allergic
thinitis, bronchitis, bronchial asthmal'? and widely used
for the control of respiratory diseases in Korea. However,
its therapeutic mechanisms, especially an inhibitory effect
on inflammatory cell infiltration and airway remodeling in
allergic asthma are unclear. Recently, SCRT was known to
have an antiallergic activity on airway inflammation in a
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mouse model.” In addition, 7 vitro analysis shows several
antiallergic activity of SCRT including inhibition of histamine
release,” proliferation of eosinophils and basophils.!*”
Interestingly, SCRT was shown to decrease the expression
of the interleukin-4 (IL-4) mRNA, which suppresses Th2
cell development,"? which have relevance to our previous
report.” These evidences indicate SCRT would exert vatious
immuno-suppressive effects 7z vivo and in vitro although the
molecular mechanism has not been clearly demonstrated.

Throughout the world, asthma is a serious public
health problem affecting people of all ages, and is an
inflammatory disease of the airways, which may be
worsened by numerous extrinsic factors, and continuous
exposure to allergens activates asthma.l”l Allergic
asthma is characterized by reversible airway obstruction,
increased mucus production, infiltration of eosinophils,
and nonspecific airway hyper-responsiveness, and its
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development is interposed by the over-expression of
Th2-or Thl-mediated cytokines, including 11.-4, 1L-5,
11.-8, and tumor necrosis factor-o. 1%

Interleukin-17, a pro-inflammatory cytokine, inducts
neutrophils into the airway via the release of IL.-8 from
bronchial epithelial cells!"® and arbitrates macrophage
accumulation during allergen-induced airway inflammation.
It also expends its physiological action by acting directly
on airway macrophages and promoting their recruitment
and survivall” and it is possibly associated with the
recruitment of eosinophils into the airway.!"*"! It has
been demonstrated that 11.-17 level was increased in
bronchoalveolar lavage fluid (BALF), sputum and blood
from patients with asthma.l'*!”

In vitro, 1L-17 activates fibroblasts and macrophages for the
secretion of granulocyte/macrophage colony-stimulating
factor (GM-CSF).I"s GM-CSF plays a fundamental role in
the function of eosinophils in allergic asthma.l"™® In allergic
airway, the concentration of GM-CSF increases.'**"

However, the pathophysiological mechanism of asthma
is still unclear in despite of the increasing prevalence of
asthma, and current treatments are not sufficient.

Only 5-10% of patients with asthma were accounted for
severe asthma, but it was reported that a considerable
measure of the health care costs associated with this
disease, and patients with this severe asthma are particularly
difficult to treat.”" > Current therapies incompletely control
symptoms of asthma and even intensive care having little
outcome on health care utilization.!

Consequently, effort should be made to identify new
remedies, preferably of natural origin, for palliating these
disorders. We previously reported the strong possibility of
SCRT as a complementary or alternative drug to western
drug also demonstrated that regulation of Th1/Th2
imbalance may be one of the mechanism contributed to
the treatment for respiratory disease by SCRT.®! In this

study, we investigated the mechanisms for the decrease of
infiltration of inflammatory cells and prevention of airway
remodeling through changes of several cytokines.

MATERIALS AND METHODS

Animal

Eight week-old female Balb/c mice (Orient Bio, Korea)
wete housed in polypropylene cages at 24°C £ 3°C under
12 hlight and dark cycle for 2 weeks prior to the experiment.
Mice used in this experiment were fed with standard pellet
food and distilled water ad /ibitum. All experiments were
approved by Institutional Animal Care committee of Seoul
National University and conducted in accordance with the
guidelines of Seoul National University.

Preparation of So-Cheong-Ryong-Tang and reagent
Eight species of dried medicinal herbs composing SCRT
were supplied by H-Max Pharmaceutics Ltd., (Seoul,
Korea), and were authenticated by one of the authors (SI
Cho, an experienced pharmacognosist) at the School of
Korean Medicine, Pusan National University, where voucher
specimens (No. SKM-SCRT-201-208) were deposited. As
shown in Table 1, SCRT was composed of eight species of
medicinal herbs and the mixture of ingredients was boiled in
1300 ml of distilled water using herbal solution heater (Dae
Woong, Seoul, Korea) for 3 h to make the final volume of
500 ml. The extract was centrifuged at 2200 Xgfor 20 min, and
then it was filtered using Whattman filter paper No. 3. The
filtrate was condensed using Vacuum Evaporator (EYELA,
‘Tokyo, Japan) and then stored in refrigerator at —20°C until
use. Ovalbumin (Grade V) purified from hen egg white
was purchased from Sigma-Aldrich (St. Louis, MO, USA).
DetoxiGel column (Pierce, New York, USA) was used to
detoxify the ovalbumin (OVA) before use.

Induction of asthma and categorization of experimental
animals
A volume of 100 ml of phosphate buffered saline (PBS)

emulsion having 100 ug of OVA and 2 mg of alum were

Table 1: Components and standard materials of SCRT

Herbal name Standard materials Botanical name Amount (g)
Rhizoma Pinelliae Homogentistic acid Root of Pinellia ternata 16.86
Herba Ephedrae Ephedrine Stem of Ephedra sinica 16.86
Radix Paeoniae Paeoniflorin Root of Paeonia lactiflora 16.86
Fructus Schisandrae Schizandrin Fruit of Schizandra chinensis 16.86
Herba Asari Asarone Whole plant of Asarum sieboldii 11.25
Rhizoma Zingiberis 6-Gingerol Root of Zingiber officinale 11.25
Ramulus Cinnamomi Cinnamaldehyde Cortex of Cinnamomum cassia 11.25
Radix Glycyrrhizae Glycyrrhizic acid Roasted root of Glycyrrhiza uralensis 11.25

Each measure corresponds to 12-times daily dosage for adult humans (60 kg). The herbal names, standard materials and botanical names referenced the Korean
Pharmacopoeia 9" ed..ition published by Korean FDA. The amounts of individual herbs are modified by KIOM. SCRT: So-Cheong-Ryong-Tang; KIOM: Korea Institute of Oriental

Medicine; FDA: Food and Drug Administration
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injected to the experimental mice intraperitoneally for
3 consecutive days. In 2 weeks, mice were anesthetized
with intraperitoneal injection of ketamine (100 mg/kg) and
lompun (10 mg/kg), and were applied intranasal instillation
of 30 w of PBS having 25 ng of OVA for 2 days. Three
days after the intranasal instillation of OVA, intranasal
instillation was conducted again for 2 days. SCRT was given
every morning for 6 consecutive days [Figure 1]. The dosage
of SCRT was 4 times higher than that of adult human. The
dosage of SCRT administration was ascertained considering
basal metabolic rates and body weights of experimental
animals in our previous experiments.”

The experimental groups as follows. (1) Normal: Neither
sensitized nor challenged, fed with D/W. (2) Control:
Sensitized and challenged with OVA, fed with D/W.
(3) SCRT: Sensitized and challenged with OVA, fed with SCRT.

Cytokine detection in bronchoalveolar lavage fluid

A lethal dose of ketamine and lompun was injected to
mice intraperitoneally to sacrifice. BALF was collected via
insertion of silicon tube to the trachea. Mice were given
1.8 ml of PBSinto lung and >1.5 ml of buffer was retrieved
consistently. To detect cytokines, BALF was centrifuged
at 1100Xg for 10 min. Supernatants were obtained and
stored at 4°C.

Interleukin-4, interferon gamma (IFN-y), IL-17, and
GM-CSF levels in BALF were measured according to the
method of Chen ¢f @/ Briefly, we added BALF or setially
diluted cytokine standards in 96-well micro plate (Millipore,
Billerica, MA, USA), antibody-linked fluorescent bead and
secondary antibody biotin-conjugated were added, and then
incubated at room temperature (RT) for 2 h. After washing,
streptavidin-phycoerythrin was added, and samples were
incubated at RT for 1 h. After washing, the samples were
replaced in a 5-ml tube (SPL, Gyoungi-do, Korea), and
300 ul of assay buffer was added. Fluorescence from micro
plate was detected using flow cytometry instrument (BD,
Franklin Lakes, NJ, USA). Data were analyzed using
FlowCytomix Pro software (Bender Medsystems, Vienna,
Austria) and expressed as picogram per milliliter.

L.P. Sensitization
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Figure 1: Experimental schedule. So-Cheong-Ryong-Tang (SCRT)
and control group were sensitized intraperitoneally at days 1, 2, and
3 and challenged intranasally at days 18, 19, 23, and 24. Animals
were administrated with SCRT from days 19 to 24. All animals were
sacrificed at day 26. I.P.: Intraperitoneal; |.N.: Intranasal; S: Sacrifice
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Ovalbumin-specific IgE detection in serum

The OVA-specific IgE level in serum was measured by
ELISA method. Blood samples obtained from mice
were placed in the refrigerator at 4°C overnight and
centrifuged at 2800Xg for 10 min, and sera were obtained.
For ELISA, 96-micro well plates (Nunc, Rochester,
NY, USA) were coated with 50 pug/ml of detoxified
OVA (Grade V, Sigma-Aldrich), which was dissolved in
blocking solution (1% skim milk and 0.05% Tween 20 in
PBS) at RT for 3 h, and again incubated at 4°C overnight.
After washing the plates, blocking solution was added to
the plates, and the plates were incubated at RT for 1 h.
After washing the plates again, 100 ul of sequentially
diluted serum was added in each well of the plates, and
the plates were incubated at RT for 2 h. The serum
which had been added to the first well was diluted in a
ratio of 1:50 with blocking solution. After washing the
plates again, alkaline phosphatase-conjugated anti-mouse
immunoglobulin was added to each well of the plates, and
the plates were incubated at RT for 1 h. After incubation
of the plates, p-NPP (Amresco, Solon, OH, USA) was
added. A microplate spectrophotometer (Molecular
Devices, Sunnyvale, CA, USA) was used to measure
the optical density at 405 nm. Secondary antibody used
was rat anti-mouse IgE antibody (Southern Biotech,
Cat# 1130-04, 1: 1000). From another experiment, we
obtained an OVA-specific serum, and it was used as a
standard serum. All the titers of antibodies were evaluated
from the relative values to this serum.

Histopathologic examination of the lung

The lung and trachea were resected and fixed overnight in
Bouin’s solution. Specimens were dehydrated in alcoholic
series, embedded in paraffin wax, and then sectioned with
5-um thickness. Sections were placed on glass slide, stained
with hematoxylin and eosin, and examined under the light
mircoscope.

Statistical analysis

For data analysis, comparing groups for statistical
differences were made with the Mann-Whitney’s U-test.
SPSS version 11.5 (SPSS Inc., Chicago, IL, USA) was the
statistical analysis software package that was used for the
data analysis. The data in this manuscript are expressed
mean T standard error of the mean. A value of P < 0.05
was considered to be statistical significance.

RESULTS

The effect of So-Cheong-Ryong-Tang on interleukin-17
level in bronchoalveolar lavage fluid

The mice of the control group showed increased levels
of 1L-17 (26.08 *+ 9.18 pg/ ml) in BALE, compared with
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these of the normal group. When SCRT was orally
administered to these control mice, I1L-17 levels were
decreased markedly (11.26 + 1.56 pg/ml) [Figure 2a]. The
control group also showed increased levels of GM-CSF
(19.33 £ 5.35 pg/ml). GM-CSF levels were decreased by
administration of SCRT (8.46 + 2.42 pg/ml) [Figure 2b].

The effect of So-Cheong-Ryong-Tang on interleukin-17
level in bronchoalveolar lavage fluid

In the control group, IL-4 levels in BALF were
increased (36.57 £ 3.37 pg/ml). These increased levels of 1L-4
were significantly decreased by SCRT (15.47 £ 9.06 pg/ml)
[Figure 3a]. On the other hand, IFN-y levels were decreased
in the control group (7.90 £ 1.61 pg/ml), and
administration of SCRT did not affect decreased levels
of IFN-y (10.15 £ 2.50) [Figure 3b].

The effect of So-Cheong-Ryong-Tang on
ovalbumin-specific IgE level in serum
Ovalbumin-specific IgE levels were increased markedly in
control group. Administration of SCRT decreased >50%
of IgH levels elevated in control group |Figure 4].
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Figure 2: Influences of So-Cheong-Ryong-Tang on levels of
interleukin-17 and granulocyte/macrophage colony-stimulating factor.
Results are presented as mean + standard error of the mean P value
is represented as compared with control group
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Figure 4: Influence of So-Cheong-Ryong-Tang on ovalbumin-specific
IgE production in serum. Results are presented as mean + standard
error of the mean P value is represented as compared with control
group. N.D.: Not detectable
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The effect of So-Cheong-Ryong-Tang on airway
inflammation and hyperplasia

In the control group, trachea and lung sections revealed
the infiltration of inflammatory cells including neutrophils
and eosinophils into the connective tissue between blood
vessels, bronchiole and alveolus. And airway remodeling
such as epithelial hyperplasia was also observed. Few
inflammatory cells were observed in the normal group.
Administration of SCRT suppressed inflammatory
cell infiltration and epithelial hyperplasia [Figure 5].
Inflammatory cells were also significantly increased in
BALF of control mice and administration of SCRT
decreased total cell number including polymorphonuclear
cells, macrophages, and lymphocytes (data not shown).

DISCUSSION

The infiltration and prolonged survival of inflammatory
cells are an essential step in the pathogenesis of asthma.
IL-17, a pro-inflammatory cytokine, recruits neutrophils,

macrophages and eosinophils into the airway.!'>'!
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Figure 3: Influences of So-Cheong-Ryong-Tang on levels of
interleukin-4 and interferon gamma. Results are presented as
mean = standard error of the mean P value is represented as compared
with control group

Figure 5: Influences of So-Cheong-Ryong-Tang (SCRT) on
inflammatory cell infiltration of asthmatic airway and histological change
of lung tissue. The tissue was stained with H and E, and was observed
(x200). Highly magnified figures (x1000) are inserted to show details
of airway wall structures. (a) Normal, (b) control, (c) SCRT
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It is well-known that IL-17 activates fibroblasts and
macrophages with subsequent secretion of GM-CSF and
it is also known that eosinophils are the potential source
of IL.-17 within the asthmatic airway."” In allergic asthma,
GM-CSF can regulate the adhesion and chemotaxis of
human eosinophils."® It has been demonstrated that
GM-CSF is of critical importance to promote survival,
maturation and function of eosinophils,”*?* and it has also
demonstrated that by 7z vitro activation, eosinophils produce
and release GM-CSE® It has been well established that the
expressions of 1L-17 and GM-CSF increase in the airway
tissue of patients with asthma.l'®"")

Although SCRT has been traditionally used to treat allergic
disease such as allergic rhinitis, bronchitis, and bronchial
asthma in Asian traditional medicine,* the mechanism
of pharmaceutical effect has not been clearly reported
yet. In recent, in vivo and in vitro studies showed antiallergic
activity of SCRT in which many kinds of immune cells
and cytokines is regulated by treatment of SCRT.7*1*

Our data showed that oral administration of SCRT
decreased levels of 11.-17 and GM-CSE, which had been
elevated in allergen-induced asthma. In SCRT group,
histopathological findings showed reduced tendency of
inflammatory cell infiltration, and prevention from airway
remodeling such as epithelial hyperplasia. The regulation of
11.-17, known to activate fibroblasts,'® and GM-CSF can be
a possible mechanism through which SCRT restores several
alterations in asthma including histopathological changes.

This study shows that SCRT decreased the number of
inflammatory cells through the regulation of IL-17 and
GM-CSE These results can be explained by two possibilities:
First, SCRT modulates GM-CSF through the regulation of
IL-17, and second, it regulates the two cytokines through
the system that interacts independently [Figure 6].

It has been reported that SCRT reduces elevated levels of
I1.-4 in allergic asthma.’**! However, the influence of SCRT
on the production of IFN-y remains controversial. Our
results indicate that SCRT decrease the production of 1L.-4,
and does not affect that of IFN-y. In addition, SCRT also
lowered production of OVA-specific IgE level, which was
increased by induction of asthma. These results imply that
SCRT can balance Th1/Th2 ratio through down-regulation
of Th2 reaction.

CONCLUSION

We firstly demonstrated that regulation of 1L.-17 and
GM-CSF production may be one of the mechanism
contributed to a reduction of inflammatory cell infiltration
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Figure 6: So-Cheong-Ryong-Tang modulates inflammatory
cell infiltration and prevents airway remodeling via regulation of
interleukin-17 and granulocyte/macrophage colony-stimulating factor
in allergic asthma. BV: Bood vessel; BA: Bronchoalveolar space;
M@: Macrophage; N: Neutophil; E: Eosinophil; Fibro: Fibroblast; T: T-cell

and prevention from airway remodeling. Further studies
are required to clucidate the exact mechanism through
which SCRT regulates the production of IL-17 and
GM-CSE.
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